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Simulation-Based Learning to Improve Athletic Trainers’ Knowledge of Exertional 
Sudden Death Conditions: A Pilot Study 
Abstract 
Purpose: Continuing education for the practicing clinician typically involves reading peer-reviewed journals 
and attending professional conferences. These mechanisms do not allow for practice and real-time 
evaluation of healthcare skills. Simulation-based learning has been widely used in professional education 
yet is not common in the continued development of the clinician in their lifespan. Method: We used a cross-
sectional, repeated measures pilot study. The participants included 11 athletic trainers (age=40±14 years; 
certified experience=17±14 years) that engaged in a multi-modal continuing professional development 
session that included a lecture, large-scale simulated learning experience, and debriefing session at a 
healthcare conference. The outcome measures included 1) a 6-item effectiveness tool to assess the 
overall program, 2) pre, post, and 6-month follow-up knowledge assessments, and 3) a 6-month follow-up 
qualitative viewpoint statement. Results: The participants rated the program as effective and useful. On the 
knowledge assessment, the participants scored an average of 74% on the pre-test and 87% on the post-
test with an average change score of a 20.5% increase following the educational session. We identified 
a significant improvement (P=0.002) in the participants from pre-test to post-test, however a decay in the 
knowledge improvements from post-test to follow-up at six months (P=0.188) was noted. Conclusion: 
A multi-modal educational intervention was effective at improving knowledge immediately following the 
session. This study offers promise that continuing education through simulation may improve knowledge 
acquisition while serving as a catalyst for clinical practice behavior change. 
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Purpose: Continuing education for the practicing clinician typically involves reading peer-reviewed journals and attending 
professional conferences. These mechanisms do not allow for practice and real-time evaluation of healthcare skills. Simulation-
based learning has been widely used in professional education yet is not common in the continued development of the clinician in 
their lifespan. Method: We used a cross-sectional, repeated measures pilot study. The participants included 11 athletic trainers 
(age=40±14 years; certified experience=17±14 years) that engaged in a multi-modal continuing professional development session 
that included a lecture, large-scale simulated learning experience, and debriefing session at a healthcare conference. The outcome 
measures included 1) a 6-item effectiveness tool to assess the overall program, 2) pre, post, and 6-month follow-up knowledge 
assessments, and 3) a 6-month follow-up qualitative viewpoint statement. Results: The participants rated the program as effective 
and useful. On the knowledge assessment, the participants scored an average of 74% on the pre-test and 87% on the post-test 
with an average change score of a 20.5% increase following the educational session. We identified a significant improvement 
(P=0.002) in the participants from pre-test to post-test, however a decay in the knowledge improvements from post-test to follow-
up at six months (P=0.188) was noted. Conclusion: A multi-modal educational intervention was effective at improving knowledge 
immediately following the session. This study offers promise that continuing education through simulation may improve knowledge 
acquisition while serving as a catalyst for clinical practice behavior change.  
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INTRODUCTION 
Approximately 9000 secondary school athletes suffer from exertional heat illnesses yearly, which has subsequently resulted in 61 
deaths (51 secondary schools; 10 collegiate) of football players from 1995-2016.1,2 Although some heat illnesses, like exercise 
associated muscle cramps and heat exhaustion, are considered very common, they are not very severe.3 Exertional heat stroke, 
exertional rhabdomyolysis, exertional sickling, and exertional hyponatremia, however, have led to fatal outcomes when improperly 
diagnosed or treated.3,4 
 
Although sudden death events with negative outcomes may be limited, many of the major, media-reported incidents have included 
multiple patients related to exertional heat illness or other sudden death conditions.5-11 These multi-patient trauma events, often 
characterized with several active patient situations, are commonly seen in marathon, triathlon, and endurance races, however 
there have been several reported cases of mass patient encounters in organized sport at the secondary school and college levels 
in football, soccer, and track. When multi-trauma patient situations occur, medical providers often sort and triage.12,13 These 
mechanisms help to determine which patients require immediate care and their likelihood to survive pre-hospital management.   
 
The National Athletic Trainers’ Association has released position statements in 2012 and 2015 on Preventing Sudden Death in 
Sport and Exertional Heat Illnesses, but a growing body of work indicates that athletic trainers possess the cognitive knowledge to 
know what diagnostic criteria and interventions are necessary, yet they report not choosing those methods in their own clinical 
practice.3,4,14-16 Specifically, the literature has called for educational interventions related to rectal thermometers and cold water 
immersion.17,18 It is possible that a lack of practice with these health care skills contributes to the disconnect between what the 
clinician knows and what they choose to do in patient care. Most of the standards related to the health care skills necessary to 
recognize or manage sudden death conditions like rectal thermometry, supplemental oxygen, and cold-water immersion were 
included in the 5th edition of the National Athletic Trainers’ Association athletic training educational competencies and the 2012 
Commission on Accreditation of Athletic Training Education Standards for the Accreditation of Professional Athletic Training 
Programs.19,20 Thus, athletic trainers credentialed before 2013 may not have had education, specifically the knowledge, skills, and 
abilities required to implement these lifesaving skills. The lack of knowledge or lack of willingness to implement these skills has 
even more harmful effects when the athletic trainer is serving as a health care executive, or an individual that oversees and 
manages the quality of services provided at the point-of-care. 
 
We propose the use of simulation to practice and implement optimal recognition, triage, and management strategies to resolve this 
practice gap.3,4,21 Simulation-based training is a method that allows learners to engage in skill development in low-stakes 
situations.22 This method of training attempts to recreate characteristics of the real world. As a result, simulation experiences 
typically involve mannequins, standardized patients or patient actors, part-task trainers, and simulators. The use of simulation is 
not the addition of technology alone, but often incorporates several media including live actor portrayal that allow interaction of the 
clinician with the patient mimicking a real-life scenario.23  
 
Previous research exploring educational interventions related to exertional heat illness identified attitude and perception 
improvements following a multi-phase session including a lecture, question-and-answer, and practical experience.24,25 However, 
the findings also indicate the translation of the knowledge into future clinical practice may not occur, as the attitudes and perceptions 
noted improved about expected behaviors, yet the long-term effectiveness of the intervention was not studied.24,25 Athletic trainers 
in a leadership capacity have a duty to ensure that high-quality care is provided to patients through their subordinates, and as 
such, their role also includes educating their staff about best practices but also assessing whether those best practices are 
implemented practically. Therefore, the purpose of this study was to evaluate the effectiveness of a simulated learning session 
and debrief on actual knowledge transfer among credentialed athletic trainers following a continuing education session and after 




Participants were recruited from a convenience sample of athletic trainers who registered and attended the Board of Certification 
approved evidence-based practice (EBP) continuing education session titled, “Recognition and Management of Exertional Heat 
Illness: A Simulated Learning Experience”, that occurred during the Athletic Trainers’ Association annual symposium in March of 
2018. The learners attended one of the 3 continuing education sessions. The instruction and simulation were recreated for three 
separate sessions during the conference with up to 10 learners per session. All learners were provided a verbal explanation of the 
study and the electronic informed consent. Participation in the continuing education session was not contingent upon agreeing to 
participate; however, the components of the learning experience (including the pre-test and post-test for EBP credit) were required 
for completion of the continuing education session. In total, 24 learners attended the continuing education session with all 
completing the pre-test and post-test. However, only 11 (46%) of the participants consented to share their test results for the 
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purpose of this study. Moreover, all 11 participants (age = 40 ± 14 y; certified experience = 17 ± 14 y) agreed to participate in the 
six-month follow-up assessment with an opportunity to provide their personal accounts that occurred in September 2018. 
Participants included 6 females and 5 males that provided healthcare services in secondary schools (n=6, 54.5%), colleges (n=3, 
27.3%), or clinic/hospitals (n=2, 18.2%). 
 
Instruments 
The study was comprised of two instruments including the actual knowledge assessment and the program effectiveness scale. 
The pre-test, post-test, and follow-up test were all conducted using the same tool via Qualtrics® (Provo, UT). The knowledge 
assessment included 21 items focused on three constructs including: recognition (9 items), triage (4 items), and management (8 
items). The knowledge assessment was previously validated, and a pilot study of the knowledge assessment was conducted prior 
to the continuing education session with minor changes occurring to layout, wording, and content based on pilot participant 
feedback. To reduce pre-post-test recall, the question set for each of three constructs were randomized per participant at each of 
the data collection time points. Directions in the knowledge assessment asked the participant to complete the tool without 
referencing outside materials. The program effectiveness scale was included in the post-test assessment. The scale evaluated the 
learning experience and was required by the conference. The scale included six items measured on a 7-point Likert-scale from 
1=strongly disagree to 7=strongly agree.  
 
Procedures 
The participants engaged in 90 minutes of instruction and simulation during the continuing education session. The research team 
delivered the lecture for about 30 minutes, a large-scale educational simulation for about 30 minutes, and a debriefing session of 
the experience for about 30 minutes. The instructional lecture provided via Microsoft PowerPoint served to refresh or advance the 
cognitive knowledge of the participants. The large-scale educational simulation was designed to force the participants to apply 
their knowledge to standardized patients. Health care simulation and standardized patients are best done when they mimic a real 
patient encounter and are developed by clinicians and educators together.26 We have developed a large-scale scenario that mimics 
that which occurred during the January 2011 hospitalization of University of Iowa football players.27 In this case, the patients 
experienced two days of intense strength training followed by a speed conditioning workout with 13 patients eventually being 
diagnosed with exertional rhabdomyolysis.27 We replicated a multi-trauma case that combines cases of exertional rhabdomyolysis 
(three live patient actors), exertional heat stroke (one patient actor), and exertional sickling (one patient actor). The simulation 
required the learners to recognize and treat patients according to best-practice standards. In addition, several other “healthy” live 
patient actors seeking treatment in the athletic training facility also were present. The learning objectives of the large-scale 




Table 1. Learning Objectives for Participants 
• Perform a physical examination that included diagnostic testing to formulate differential diagnosis. 
• Triage to determine if conditions, injuries, or illnesses are life threatening. 
• Interpret signs and symptoms of injuries, illnesses, or other conditions that require referral, utilizing medical history 
and physical examination to insure appropriate care 
• Formulate a clinical diagnosis by interpreting history and the physical examination to determine the appropriate 
course of action. 
• Implement appropriate emergency and immediate care procedures to reduce the risk of morbidity and mortality 
• Implement referral strategies to facilitate the timely transfer of care 
• Administer therapeutic interventions for general medical conditions to aid recovery to optimal function. 
 
Following a brief introduction to the large-scale simulation and expected procedures, the participants were allowed 3 minutes to 
familiarize themselves with the athletic training facility. Some of the participants were instructed to begin in the athletic training 
facility while others were directed throughout the conference center with walkie-talkies to mimic being out at various venues. The 
athletic training facility was created using supplies and tables in the conference hotel meeting space. The meeting space (35 feet 
x 32 feet) was divided into two distinct areas for the lecture and the simulated athletic training facility with room divider curtains. In 
addition, supplies relevant to the emergency patient care (cold water immersion submersion tub filled with Orbeez® water beads, 
rectal thermistor with enema trainer model, supplemental oxygen, pulse oximetry, etc.) and other general care items (foam roller, 
massage lotion, etc.) were present in the facility. Finally, a mock emergency action plan was created and posted with phone 
numbers for emergency medical services and access routes. Figure 1 provides images of the simulated athletic training facility.  
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Figure 1.  Simulated athletic training facility with emergency and non-emergency supplies. 
 
After the introduction, the simulation began with one participant experiencing exertional rhabdomyolysis presenting to the athletic 
training facility, followed-by a second patient with exertional rhabdomyolysis presenting 2 minutes later, and then several “filler” 
live actors coming in for general treatment. Seven minutes into the simulation, a member of the track team in the hallway reports 
that their teammate has collapsed requiring the participants to remove themselves from the facility to take care of the third patient 
experiencing acute exertional heat stroke. Three minutes later (10 minutes into the simulation), the fourth patient with exertional 
rhabdomyolysis presents followed three minutes later with a patient acutely presenting with exertional sickling. The simulation was 
terminated at 30 minutes, highest priority patient transport being activated, and/or an unsafe learning experience occurring. Figure 
2 provides an example of learners providing patient care during the large-scale simulation to the live patient actors. 
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 Figure 2. A learner oversees a patient during simulated cold-water immersion treatment 
 
Following the cessation of the simulation, the participants engaged in a debriefing session with the research team and live actors. 
Debriefing is a crucial part of the simulation process and allows the learners to self-reflect with colleagues about the strengths and 
weaknesses of their performance in group format.29  Immediately following the debrief, the learners completed the post-test 
knowledge assessment. Anyone who chose to participate in the research was contacted six months later to complete the follow-
up knowledge assessment. The study was approved for by the Indiana State University Institutional Review Board. Participant 
recruitment and data collection took place in March and September 2018 with data analysis occurring thereafter. 
 
Data Analysis 
The results were analyzed using SPSS (version 25; IBM Corp., Armonk, NY). Measures of central tendency were calculated for 
the program effectiveness scale. Correct response frequencies were calculated for each knowledge assessment question at pre-
test, post-test, and follow-up. A mean score on the knowledge assessment was calculated. Due to attrition and to accurately 
represent the data, we calculated three paired-samples t-tests to compare the test performances and calculated percentage 




Of the 11 participants that agreed for us to use their data, they each rated the program as effective and useful. Table 2 provides 
data reflective that the participants rated between agree to strongly agree for each of the six items.  
 
 
Table 2. Program Effectiveness (n=11) 
Criteria Mean SD Min Max Mode 
The program content was practical, useful, 
comprehensive, appropriate, and in-depth. 
6.5 0.7 5.0 7.0 7.0 
The program achieved its stated objectives. 6.6 0.5 6.0 7.0 7.0 
The session utilized effective teaching and learning 
methods. 
6.6 0.5 6.0 7.0 7.0 
The faculty were effective in the quality of the 
instruction. 
6.7 0.5 6.0 7.0 7.0 
The session included useful educational materials. 6.7 0.5 6.0 7.0 7.0 
The program was appropriate and did not 
demonstrate any bias. 
6.9 0.3 6.0 7.0 7.0 
Scale = 7-point Likert Scale from 1=Strongly Disagree to 7=Strongly Agree; SD = standard deviation 
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The knowledge assessment was scored out of 21 questions with the 11 participants scoring at 74% on the pre-test and at 87% at 
post-test. The average percentage change score for the participants was a 20.5% increase (minimum=0%, maximum=63%) 
following the educational intervention. Table 3 provides a breakdown of the frequency of correct responses for the pre-test, post-
test, and follow-up knowledge assessment per question. We identified a significant improvement (mean difference = 2.82 points; 
P = 0.002; 1-β=0.787; ES=1.22) in the participants from pre-test (mean = 15.5 ± 2.5) to post-test (mean = 18.3 ± 1.8). At the six-
month follow-up, attrition did occur with only 7 participants (64%) completing the follow-up knowledge assessment. When 
exploring the long-term knowledge improvements of the participants, we identified that the participants did improve from pre-test 
(mean = 16.1 ± 2.9) to follow-up at six months (mean = 17.7 ± 2.1; mean difference = 1.57 points; P = 0.262; 1-β=0.054; 
ES=0.48), but regressed in their knowledge improvements from post-test (mean = 19.0 ± 1.2) to follow-up at six months (mean = 
17.7 ± 2.1; mean difference = -1.29 points; P = 0.188; 1-β=0.250; ES=0.97). Both analyses were not significant meaning that 
neither overall knowledge recall suffered or improved at six months.  
 
Table 3. Knowledge Assessment Scores at Pre, Post, and Follow-up 










What is the most accurate measure of core body 
temperature? 
Rectal thermometry 11 (100%) 10 (91%) 7 (100%) 
Which of the following is not a main criterion for 
diagnosis of exertional heat stroke?  
Loss of sweating 2 (18%) 9 (82%) 5 (71%) 
Which of the following is not considered a risk 
factor for exertional heat stroke? 
A patient that has been 
training for the past two 
weeks prior to beginning 
activity 
9 (82%) 9 (82%) 7 (100%) 
What is the key of the differential diagnosis of 
exertional hyponatremia?  
Low serum sodium 
concentration   
8 (73%) 9 (82%) 7 (100%) 
What is an optimal diagnostic method for 
exertional rhabdomyolysis? 
Creatine kinase 8 (73%) 11 (100%) 7 (100%) 
A patient participates in a strenuous exercise 
training event. During the event, the patient 
reports muscle aches and weakness. The next 
day the patient’s morning urine sample was 
brown. What condition do you suspect this patient 
to have?  
Exertional 
rhabdomyolysis   
10 (91%) 11 (100%) 7 (100%) 
How far should clinicians insert flexible 
thermistors into the rectum for the most valid 
estimate of core temperature?  
 
12-15 cm (about 4.5-6 in)   3 (27%) 9 (82%) 6 (86%) 
Which of the following is an environmental risk 
factor for exertional heat illness? 
Athletic equipment 
preventing evaporative 
heat loss   
11 (100%) 9 (82%) 6 (86%) 
A patient presents with gastrocnemius cramping, 
shortness of breath, and fatigue during serial 
sprints on the volleyball court. The patient is 
experiencing weakness, is slumped over, and 
struggling to catch his/her breath. What condition 
do you suspect this patient to be experiencing? 
Exertional sickling   6 (64%) 9 (82%) 3 (43%) 
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 Triage 
Which of the following is not one of the triage 
methods to move patients forward to resources? 
 
Alert, Verbal/Voice, Pain, 
Unresponsive (AVPU) 
1 (9%) 11 (100%) 6 (86%) 
What is the goal of mass casualty incidents and 
large-scale triage? 
To do the greatest good 
for the greatest number 
of causalities. 
9 (82%) 11 (100%) 6 (86%) 
Which of the following is/are included in the 
pertinent criteria for the Simple Triage and Rapid 
Treatment (START) strategy?  
 




10 (91%) 10 (91%) 5 (71%) 
When using the Simple Triage and Rapid 
Treatment (START) strategy, which case could 
you delay transportation (yellow)? 
The victim has serious 
and potentially life-
threatening injuries that 
are not expected to 
deteriorate over the next 
several hours   
3 (27%) 5 (45%) 3 (43%) 
Management 
What recommendation should be instituted into 
the school’s emergency action plan and followed 
by the athletic trainers when a patient collapse 
from exertional heat illness? 
Cool first, transport 
second 
11 (100%) 11 (100%) 7 (100%) 
What is the most efficient cooling method with a 
patient suffering from exertional heat stroke?  
Cold water immersion 11 (100%) 11 (100%) 7 (100%) 
What is the goal of cold-water immersion? To reduce rectal core 
temperature to 102.5°F 
within 30 minutes of 
collapse   
9 (82%) 11 (100%) 6 (86%) 
Which of the following is the optimal treatment for 
a patient suffering from exertional heat 
exhaustion? 
Cease exercise, remove 
from hot environment, 
elevate legs, and provide 
fluids   
5 (45%) 6 (64%) 4 (57%) 
A patient who is experiencing an onset of 
exertional sickling with an oxygen concentration of 
94% should receive supplemental oxygen via bag 
valve mask at what flow rate? 
 
15 L/min   5 (45%) 10 (91%) 5 (71%) 
To prevent life-threatening complications such as 
acute renal failure, what intervention should a 
healthcare provider utilize for a patient suffering 
from exertional rhabdomyolysis? 
Oral and/or intravenous 
fluid replacement   
9 (82%) 8 (73%) 6 (86%) 





between 35° - 59° F and 
continuously stirring the 
water    
7 (64%) 11 (100%) 7 (100%) 
An athletic trainer in a rural secondary school 
does not have the budget to purchase a rectal 
thermometer for their athletic training facility. 
During a preseason football practice, a patient 
presents with the signs and symptoms of 
exertional heat stroke. What intervention is 
supported in the literature?  
Begin cold water 
immersion for 
approximately 15-20 
minutes based on body 
cooling rates 
11 (100%) 10 (91%) 7 (100%) 
 
Our participants indicated a willingness to engage in follow-up communication with the research team, including consultation on 
how the sessions changed their practice and educational initiatives. Two participants returned to their clinical site or hiring system 
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to implement a learning experience like ours focusing on exertional sudden death. One participant implemented similar scenarios 
in small groups with 25 athletic trainers with varying levels of experience. He indicated:  
 
The [Symposium] scenarios aided me in my practice by exposing me to conditions that I may not have experienced in 
my [previous education]. I was able to revisit some skills that I have never experienced [in real-time] and refresh skills 
that I use in my daily practice. The scenarios also allowed a seasoned professional as me to work with other ATs and 
demonstrate skills learned in the didactic portion. After the experience, I wanted to bring this similar learning experience 
to our staff in my work location. I believe it had a positive impact on our outreach staff. The staff of 25 athletic trainers 
were split into groups of 4 and had to handle multiple simulations and work together as a team. Our staff is a good 
mixture of seasoned and young professionals.  Both learned from reach other in the simulation and in the post simulation 
debriefing. The [Symposium] experience was a very interesting addition to the conference; the format of actual “hands-
on” learning and use of situational awareness was very unique for a symposium. Much more than the standard lecture 
or learning lab offerings, the simulation and didactic portion is a great mode to learn and experience situations before 
they arise in real life. 
 
Another participant attended with a work colleague and they reached out to gain perspective and advice on how to implement 
simulation with their staff. After an additional video-conference meeting, they were able to implement the simulation with 7 staff 
members, with the help of undergraduate athletic training students serving as actors. He described the event:  
 
We ran our program with 7 participants over 2 sessions and got a really great response from every one of them. The 
Athletic Training Program graciously agreed to be our actors for the scenario and even provided equipment. It was a bit 
of a different atmosphere than we had at [the Symposium] as the students were undergraduates rather than graduate 
students; however, their enthusiasm made our staff members who underwent the simulation think deeply during their 
evaluations, get frustrated at the “typical track practice athletic training room environment” we were able to recreate 
(complete with one of the kids trying to take selfies with the athletic trainers while they were doing a “cold” water 
immersion for the heat stroke victim.  Our hope moving forward is to adapt it to possibly better suit how our program 
functions and pass it off to our pre-hospital care committee which would allow for additional continuing education 
opportunities for our staff.  In the event that plan falls through and we’re only left with this single simulation experience 
for our staff, this has already become a memorable educational experience for our staff.  
A third participant framed her application of knowledge in her role as a coordinator of clinical education. She was able to share 
her new knowledge with preceptors:  
[I am] still working on the preceptors and reminding them of the best practices and offering opportunities if they wanted 
to come and utilize any of our mannequins; whether it was the rectal mannequin, the airway mannequin, or even our 
oxygen tanks. Just giving them the opportunity because most of them have been clinicians for a while and they never 
had that specific training in their professional preparation. So just trying to share the information as it comes out and 
provide reminders. But the simulation experience did have an impact on my educational methods and the things that we 
do within our program as well as information to share with the students, preceptors, and faculty.  
 
DISCUSSION 
Our study was the first in the series of educational interventions to explore knowledge improvements over the long-term relative to 
continuing education for the practicing clinician.30 Athletic training continues to emphasize the role in immediate and emergent care 
with Standard 70 of the Commission on Accreditation of Athletic Training Education 2020 Standards for Accreditation of 
Professional Athletic Training Program that states programs must ensure that athletic training students are able to evaluate and 
manage patients with acute conditions, including triaging conditions that are life threatening or otherwise emergent, with specific 
reference to the use of rectal thermometry, and conditions related to the environment exertional sickling, rhabdomyolysis, and 
hyponatremia. While this may be true of newly credentialed athletic trainers, we must ensure the same standards are met for the 
practicing clinician as a commitment to a quality patient experience. Simulation-based learning has been widely used in 
professional education to prepare future healthcare professionals for these standards yet is not common in the continued 
development of the clinician in their lifespan. Continuing education for the practicing clinician typically involves reading peer-
reviewed journals and attending professional conferences but these mechanisms do not allow for practice and real-time evaluation 
of healthcare skills. 
 
Although continuing education is often deemed effective, this is usually due to testing immediately following an educational 
intervention.31 We experienced the same phenomena whereby the participants improved significantly after the educational 
experience. However, the literature has demonstrated mixed results for behavioral change after an educational intervention. 
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Interventions that have been effective are those that are multifaceted (use multiple modes of learning) and include a hands-on 
component and feedback. This was similar to our approach that used cognitive, experiential, and social constructivist theories of 
learning.34-36 These theoretical frameworks are meant to reinforce previously known information, engage learners in the practical 
application of that knowledge, and then to make meaning from that experience through vulnerable discussion.37 Single educational 
interventions have had a poor effect on sustained behavioral changes.38 In the previous studies about exertional heat illness and 
the effectiveness of an educational intervention, the researchers identified attitudes toward using best practices had significantly 
improved.24 However, no follow-up assessment occurred. In our investigation, we were able to assess knowledge six months after 
the intervention. Although performance had diminished, the differences between the post-test and follow-up were not significantly 
different, suggesting that time had neither improved not deteriorated their knowledge in a meaningful way.   
 
Continuing education should not allow a learner to be a passive observer, but an active change agent in one’s future clinical 
practice. Interactive labs and real-life situations are more effective at developing clinical practice changes.31,39 Simulations stem 
from the same educational theories that support interactive labs and real-life situations, and as such would likely be an effective 
mechanism to increase knowledge in the participant. 40 In order for the experience to reproduce a potential real-life scenario, the 
simulation must encompass the three dimensions of fidelity including equipment fidelity, environmental fidelity, and psychological 
fidelity.41 Psychological fidelity is concerned with the ability for the learner to perceive the simulation experience as a potential real-
life encounter, thus the ability to allow themselves to be vulnerable by placing themselves in the current situation as a means for 
potential skill retention and transfer.42  Although we identified knowledge improvement as a result of the simulated experience 
combined with other modes of learning, we were unable to study participant application of knowledge in clinical practice and the 
effects of the intervention on patient outcomes. Very few studies have explored the effect of continuing education meetings on 
patient outcomes and they have found minimal change.31 Future research should compare educational intervention strategies and 
should hope to engage mixed-methods that would allow for us to better understand the impact of simulation on changes in clinical 
practice and patient outcomes. 
 
Participants engaged in a follow-up consultation about how they were able to apply their learning into clinical practice and although 
we only have a few of those examples, they do suggest simulation can lead to behavior change. Specifically, the examples 
demonstrate a desire to improve readiness for preceptors by equipment exposure and practice. They also demonstrate a 
willingness, as healthcare professionals, to use similar modes of learning to assess and facilitate the implementation of best 
practices in their workplace. Healthcare leadership literature has been clear that the development as a leader must include the 
ability to engage in didactic instruction for adult learners, serving in the role of change agent, and the ability to build supportive and 
safe cultures.43 Simulation is an ideal mechanism to demonstrate these leadership skills and the process, whereby supervisors 
engage in continuing professional development and then propagate their learning that is indicative of effective leadership. Future 
research should explore the lived experience of learners and leaders including changes to policy, supplies, stakeholder 
communication, and interprofessional collaboration following professional development activities.  
 
Limitations and Future Research  
The small sample of participants is the most obvious limitation; however, few studies in healthcare have evaluated long-term effects 
of a simulated learning experience. We encouraged follow-up consultation to assist learners in replicating their learning experience 
but had also hoped to conduct formal interviews and a qualitative analysis relative to their lived experiences after the simulated 
learning experience. However, attrition impacted our ability to conduct a systematic evaluation of the qualitative data. Other pilot 
investigations relative to novel instructional strategies like problem-based and simulation-based learning in practicing clinicians 
have included studies ranging from 10 to 50 learners.44-49  
 
The research study provided pilot data to support that simulation-based learning was effective in a repeated measures design, but 
long-term knowledge gains may not be supported. We did not identify if participants experienced any similar multi-patient trauma 
events or had to recognize and treat any of the exertional sudden death conditions in their clinical practice. In addition, as is native 
to large-group simulation, each learner had a different learning experience. For instance, some of the participants were not involved 
in measuring core body temperature or selecting cold water immersion as the preferred treatment for the patient experiencing 
exertional heat stroke. Additionally, the continuing professional development literature has suggested that single learning events 
are ineffective at implementing behavior change. Mechanisms that focused on the reinforcement of these concepts, for instance, 
through follow-up e-mail notifications (e.g. infographics, tips for practice) or through the application of the concepts in clinical 
practice may have resulted in improved knowledge or at least a lower rate of decay. Future research should enroll participants in 
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Our findings suggest that a multi-modal educational intervention that highlighted a simulated-learning experience with debrief 
was effective at improving knowledge immediately following the session.  Although not significantly decreased, learners 
demonstrated diminished knowledge at the six-month follow-up. Our findings are consistent with other continuing professional 
development literature that suggests multiple modes of instruction are most effective at improving knowledge. Our study is the 
only one, to our knowledge, that has looked at the effects of simulation-based instruction in practicing clinicians longitudinally. 
Although we experienced a small sample size and attrition, our findings are promising. As we consider our findings relative to 
continuing professional development, simulation could allow athletic training healthcare professionals to engage in didactic 
instruction for adult learners, serve as a change agent, and build supportive and safe cultures in their work environment. With 
further study, it is possible that we could confirm that simulation-based instruction, facilitated by healthcare leaders or managers, 
can improve, and maintain knowledge, as well as impact patient outcomes. Continuing professional development should promote 
continued competence of skills while developing and enhancing clinical judgment. The use of simulation-based learning, while 
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